This study aims to identify potential geosites and show existing geosites in a young glacial landscape in northern Poland through a qualitative assessment of the local geoheritage. Three areas of diversified morphology and geology located within the extent of the last Scandinavian Ice Sheet have been selected as the research polygons: the north-eastern part of the Dobrzyń Lake District, the Lower Vistula Valley and the Kashubian Lake District. Three basic abiotic components of the environment have been analysed: geology, terrain relief and hydrology. This research is based on some specific materials including maps and photographs. Methodology of this research includes the inventory, characterization and assessment of selected areas. The final results are proposals for geosites of high educational value in each of the three investigated regions. For the north-eastern part of the Dobrzyń Lake District, the creation of a geopark has been proposed, and the geosites of the Lower Vistula Valley provide the potential for a geotourist footpath to be designed. The Kashubian Lake District is characterised by the occurrence of numerous glacial landforms and sediments as well as high denivelations and a concentration of erratic boulders. Therefore, this region also has the potential to be selected for valuable geosites and the designing of a geotourist footpath.
Introduction
Geoheritage focuses on the diversity of minerals, rocks, fossils and also includes landforms and other geomorphological features that illustrate the effects of present and past Earth's climate and physical processes (McBriar 1995) . The term geoheritage (geological heritage) was used at the 1st International Symposium on the Conservation of our Geological Heritage at Digne, France, in 1991 . Between 1991 , a variety of definitions of geoheritage appeared in the literature (e.g. Bradbury 1993; Kozłowski 1999; Semeniuk and Semeniuk 2001; Grey 2004 Grey , 2005 Semeniuk 2007, 2011; Brilha 2002 Brilha , 2016 Brilha , 2017 . In this paper, we have used the term geoheritage after Semeniuk and Semeniuk (2001, p. 183) who defined it in the following manner: "global to national to state-wide important features of geology, including igneous, metamorphic, sedimentary, stratigraphic, structural, geochemical, mineralogic, paleontologic, pedologic and hydrologic attributes, that offer important information or insights into the formation or evolution of the Earth; or that can be used for research, teaching, or reference".
Geosites "generally represent geoheritage resources which should be studied, conserved, and developed to ensure that future generations can continue learning the geological history of the Earth" (Bruno 2015) . The term geomorphosite has recently been introduced as an acronym for geomorphological site (Panizza 2001) . It is understood to be a landform that has acquired a special value due to human perception or exploitation (Pereira et al. 2008) . They can be single geomorphological objects or wider landscapes. The value of geomorphosites is poorly known to the public and to scientists from other disciplines (Reynard and Panizza 2005) . In our contribution, we have decided to use the term 'geosites'.
This article is part of the Topical Collection on Geoheritage and Conservation: Modern Approaches and Applications Towards the 2030 Agenda, IX ProGEO Symposium, Poland, 25-28th June, 2018 The geoheritage and potential geosites of the glacial landscapes of northern Poland presented in our study are complementary pieces of information in relation to the other studies describing the interesting features of glacial landscapes in Poland.
During the Pleistocene (Quaternary), a considerable cooling of the climate occurred, which resulted in the development of the continental ice sheets, such as the Scandinavian Ice Sheet (SIS) in Europe (Ehlers et al. 2011) . Ice sheets eroded their beds and transported sediments containing a very wide spectrum of particles: from fine clay to coarse erratic boulders. Ice sheet also transformed the morphology of areas in course of the erosion, transportation and deposition of sediment. Regions located beyond the extent of inland ice were transformed by periglacial processes in a cool and dry climate involving aeolian processes (French 2007) .
In Poland, seven Pleistocene continental glaciations occurred (Marks et al. 2016) . The most extensive Pleistocene glaciation (the Sanian 1 Glaciation, correlated with Marine Isotope Stage 16) left sediments and landforms that were covered by subsequent glaciations or were subjected to extensive denudation during the interglacial periods. The terrain relief of central Poland was formed during younger phase of the Odranian (Saalian) Glaciation, correlating with Marine Isotope Stage 6. That was the last period when the SIS covered the central part of Poland and, since its recession ca. 130 kyr, this region has been influenced by long-lasting periglacial processes. These processes have caused the far-reaching denudation of glacial landforms. Thus, the glacial landscape in central and southern Poland is called an 'old glacial landscape'. There is a 'young glacial landscape' in northern Poland, and it covers approximately 30% of the country. The young glacial area was affected by the last Pleistocene continental glaciation, referred to in Poland as the Vistulian (Weichselian) Glaciation and correlated with Marine Isotope Stages 5d-2 (Marks et al. 2016 (Wysota et al. 2009; Marks 2012; Tylmann et al. 2019) . After this time, the last SIS started to retreat progressively releasing fresh glacial landforms. The general retreat of the ice front was interrupted by a local glacial re-advances and an ice margin standstills. In the Kujawy-Dobrzyń region the local ice readvance occurred during the Kujawy-Dobrzyń Subphase which is correlated with Chodzież Subphase dated at ca. 17.7 kyr (Kozarski 1995; Wysota et al. 2002) . Later, the significant ice margin standstill occurred across the Pomerania region during the Pomorska Phase dated at ca. 17-16 kyr (Marks 2012) . The last ice sheet re-advance into the territory of Poland occurred in northernmost Poland during the Gardno Phase around 14.0-13.8 kyr (Mojski 2005) . After the final deglaciation of the northern Poland but before the start of Holocene ca. 11.7 kyr, the period called Late Glacial occurred (between ca. 13.8 and ca. 11.7 kyr) . This is the end of Pleistocene, when the ice sheet did not occupy territory of Poland anymore and because of climatic fluctuations, it is divided to minor climatic phases such as: the Oldest Dryas, Bølling/Allerød and Younger Dryas.
The relief of the young glacial landscape of northern Poland is variegated and consists of various glacial landforms. The Pleistocene sediments reach the maximum thickness of over 200-300 m. They consist of glacial tills, glaciofluvial sands and gravels, glaciolacustrine silts and clays as well as erratic boulders and glacial drifts of older deposits (e.g. Paleogene or Neogene sediments). Glacial and glaciofluvial deposits are occasionally separated by interglacial sediments, such as fluvial sands, lacustrine silts and clays or peats, which indicate warmer periods of the Pleistocene.
Most of the young glacial landscape is covered with till and glaciofluvial sands and gravels, which form moraines or moraine plateaux, and outwash plains or fans, respectively. These landforms are frequently intersected by river valleys and tunnel valleys. The whole picture of the postglacial landforms is complemented by a series of terminal moraines and depressions, kames, kame terraces, drumlins, eskers, dead-ice moraines, kettle holes and marginal valleys, including marginal spillways.
The authors of this paper have decided to analyse selected areas in northern Poland in more detail. The aim of our contribution is to recognise and present the geoheritage of the young glacial landscape in northern Poland. For each of the three studied regions, the authors have taken advantage of the previously described geosites at the website of geosite database of the Polish Geological Institute-National Research Institute (abbreviation: PGI-NRI), http//geostanowiska.pig.gov.pl, and have proposed some new potential geosites. Hitherto, the areas of glacial landscape studied by us have not been evaluated in terms of geological heritage. In the Polish literature, the evaluation of geodiversity and geological heritage is usually used for highland and mountainous regions of southern Poland (e.g. Alexandrowicz 2006 Alexandrowicz , 2008 Alexandrowicz et al. 1998 Alexandrowicz et al. , 2019 Migoń and Pijet-Migoń 2016; Miśkiewicz et al. 2008; Zgłobicki and Baran-Zgłobicka 2013; Zwoliński 2010; Urban and Gągol 2008) . The northern part of Poland has still not often been investigated in this regard.
The geodiversity index of the abiotic environment in the Chełmno Lake District was studied by Kot (2012) . This author, while investigating the 'Fordon sector' of the Vistula River Valley, analysed the problem of searching the right methods for the evaluation of geodiversity in lowland areas (Kot 2006) . The recession of the last SIS and development of ice-marginal spillways were analysed in a study by Ratajczak-Szczerba (2011) . This study presents the geomorphological characteristics of the terrain along the middle Noteć River Valley and it shows the geological diversity, the spectrum of landforms, and the mosaic of lakes, peatbogs and forests there. An extensive and complex evaluation of geodiversity was also conducted in the glacial areas of western Poland: Drawieński National Park with a young glacial landscape, and the UNESCO Global Muskau Arch Geopark with an old glacial landscape. Górska-Zabielska et al. (2015) assessed the geodiversity, geoheritage and geotourist attractiveness of the Drawieński National Park with an evaluation on two levels: valorisation of the areas and of the objects. Additionally, this study was supplemented with analyses of cartographic materials and literary data, and valuable geosites in terms of science and tourism were proposed. In the case of the Muskau Arch Geopark, besides studies related to its geodiversity, we may find studies related to the foundation of the Geopark and the destination of geotourist footpaths (Badura et al. 2003; Świerkosz et al. 2017) . Some information about postglacial area we can find in articles about the potential Yotvings Geopark (Graniczny et al. 2008 ) located at the border of Poland and Lithuania, and in the article Nizicka et al. (2008) , were the authors described geotourism in the Suwałki Landscape Park.
The analyses we conducted have allowed us to propose potential new geosites with the features of the 'old glacial' landscape (Górzno area), and with the features of the 'young glacial' landscape (Górzno area, Lower Vistula Valley and Kashubian Lake District). Furthermore, we have presented examples of the landforms typical of large river valleys, morainic areas and regions of transition from the old glacial landscape to the young glacial landscape.
Study Area
The study area consists of three regions of northern Poland: the north-eastern part of the Dobrzyń Lake District near a small town, Górzno (hereinafter referred to as the Górzno area), the Lower Vistula Valley and the Kashubian Lake District (Fig. 1 ).
Both the Kashubian and the Górzno areas represent typical young glacial landscapes, while the Lower Vistula Valley is a 6-to 8-km-wide valley with old and complex origin. The parameters significant to the proper evaluation of the research areas have been summarised in Table 1 .
The Górzno area borders the young (Vistulian) and the old glacial (pre-Vistulian) landscapes, and this border is morphologically pronounced as the NE-SW Weichselian ice-marginal belts. These latter were formed during the Poznań Phase and the younger Kujawy-Dobrzyń Subphase of the maximum extent of the last Scandinavian Ice Sheet (SIS). The ice-marginal zone of the Kujawy-Dobrzyń Suphase is vivid and well expressed by occurrence of numerous moraine landforms, glacial tunnel valleys and moraine plateaus, along with few levels of the outwash plains. Combine abovementioned, the Górzno area serves as a nature conservation of numerous forms as three landscape parks, eight nature reserves, six protected landscape areas, seven Nature 2000 areas and over five hundred natural monuments, three of which are glacial erratic boulders.
The Lower Vistula Valley is a ca. 110-km-long northern segment of the Vistula River Valley. The Lower Vistula Valley is oriented SSW-NNE; its width varies from approximately 2.3 km in the south to 19 km in the central part of the studied area. The Pleistocene ice sheets eroded the valley within the Miocene deposits. The initial form of the Valley was probably re-eroded many times during the Pleistocene (Mojski 2005; Weckwerth 2018 ). The Lower Vistula Valley was finally formed as a result of the last ice sheet recession followed by the water flowing to the north and the fluvial erosion in the Allerød Phase ca. 13.9-12.9 kyr (Weckwerth 2006 (Weckwerth , 2010 . Today, the valley is a wide landform incised 50-60 m below the surface of the surrounding moraine plateau. The sides of the valley are mostly steep escarpments with numerous small erosional-denudational valleys formed during the Late Glacial and Holocene. There exist in the valley glaciofluvial and fluvial terraces as well as typical fluvial landforms connected with recent river activity such as bars, levees and floodplains or oxbow lakes. On the surface of the terraces as well as at the bottom of the valley, there occur sand dunes as a result of the Late Glacial and Holocene aeolian processes. The sediments within the valley are mainly glaciofluvial and fluvial sand and gravel, mud, peat and aeolian sand ( Table 1) .
The Kashubian Lake District is located in the northern Poland, and it has the largest area (over 3500 km 2 ) of the three studied regions (Table 1) . It is an elevated morainic terrain containing the highest hill of the Polish postglacial landscape-Wieżyca (328.7 m a.s.l.). In the Kashubian Lake District, over 500 lakes are situated, and the lake index is ca. 3.5%. The majority of lakes are of glacial origin, with a predominance of tunnel channel lakes. The biggest lake in this region is Raduńskie Dolne Lake. The topography of the Kashubian Lake District is diversified: the elevation of the terrain varies from 0 m a.s.l. at the eastern edge of the studied area up to almost 329 m a.s.l. in the south-central part ( Table 1 ). The local differences in height often exceed 50 m and, in the vicinity of Wieżyca Hill, reach up to ca. 160 m. Very distinct and fresh postglacial landforms (mainly moraines, moraine plateaux and tunnel channels) make the topography diverse. One of the most characteristic features of the Kashubian postglacial landscape is a dense network of conspicuous tunnel valleys which are incised down to 50 m into the surface of moraine plateau. Most of the tunnel valleys are oriented NE-SW, and were finally formed as a result of the subglacial meltwater erosion of the ice sheet bed during the Pomorska Phase. The surface sediments that prevail in this region are glacial tills, glaciofluvial sands and gravels and end moraine deposits (Table 1 ). The thickness of the Quaternary deposits varies between ten to over 300 m.
Methods
In order to display the geoheritage of selected postglacial areas in Poland, research has been conducted based on cartographic materials, scientific publications, GIS analyses and field studies. Surface geology has been compiled based on the Gdańsk, Słupsk, Grudziądz, Toruń and Brodnica sheets of the 1:200,000 Geological Map of Poland. In order to propose attractive geosites, 1:100,000 geomorphological maps and the geosite database of the Polish Geological Institute-National Research Institute (www.geostanowiska.pig.gov.pl) have been used. The hydrographic data have been collected based on a raster map of the Hydrographic Divisions of Poland (http://mapa.kzgw.gov.pl/). The data have been compiled in GIS and maps have been created showing geosites and potential geosites characterised by a high level of attractiveness for geotourism. A tabular compilation of the selected geosites and new potential geosites allows the analysed postglacial areas to be compared and locations to be proposed for new potential geoparks and geotourist footpaths.
Results
The Górzno Area
The Górzno area (Fig. 2) represents a transition between an old and a young glacial landscape with a large inventory of glacial landforms. The diversification of the landscape is high and the dynamics of the topography is significant. Except of the two geosites which can be found in the database of geosites (www.geostanowiska.pig.gov.pl), we propose seventy seven potential new geosites arranged in seventeen geomorphological categories, the majority of which are glacial landforms and the rest are fluvial landforms ( Table 2 ). The glacial landforms document the transgressions, standstills and recessions of the older Saalian and the younger Weichselian glaciations (MIS 5d-2; the maximum extent of the last ice sheet and the Kujawy-Dobrzyń Subphase; see Wysota 1992; Niewiarowski et al. 1995; Kotarbiński 1996 Kotarbiński , 1998 Sobiech and Wysota 2014; Sobiech 2012 unpublished master's thesis) .
The old glacial landforms of the Górzno area are located near the Wkra River Valley (Fig. 2) where the Saalian (MIS 6) moraine plateau and terminal moraines occur. These Saalian terminal moraines are herein proposed as potential new geosite no. 1 ( Table 2 ). Most of the Saalian moraine plateau is covered with younger outwash sediments and only its highest fragments rise above the cover of glaciofluvial sediments as characteristic remnants of the moraine plateau. These remnants form hillock-like structures, which are proposed as a potential geosite no. 2 ( Table 2 ). The maximum extent of the Weichselian Glaciation in the area east of Górzno City is delimited by the ice-contact sedimentary scarp within the outwash plain (Fig. 2) . The line of the maximum extent of the ice sheet is oriented NE-SW here, and the sedimentary scarp has been selected as a geosite and potential geosite no. 3 (Table 2) . On the surface of the higher outwash level, numerous sedimentary forms pointing to the diversified dynamics of meltwater outflow occur, e.g. systems of distributive channels in the proximal part of the outwash fan. The latter ones which have been selected as a potential geosite no. 4 ( Table 2) .
During the recession of the Weichselian ice sheet, after its maximum extent had been reached, a significant ice front standstill occurred during the Kujawy-Dobrzyń Subphase (Fig. 2 ). Subglacial waters formed over a dozen tunnel valleys ( Fig. 3a) and a few eskers. They have been selected as potential geosite nos. 5 and 6, respectively (Fig. 2) . The morphological axis of the ice-marginal belt of the Kujawy-Dobrzyń Subphase consists of mainly glacial depressions, terminal moraines, relicts of ice-cored moraines and push moraines. We have chosen these unique examples of ice-marginal landforms as potential geosites no. 7 (glacial depression), 8 (terminal moraines), 9 (relict ice-core moraines) and 10 (push moraines) ( Table 2 ). In the hinterland of the palaeo-ice margin correlated with the Kujawy-Dobrzyń Subphase, systems of glacial curvilineations (GCL) have been found. These are enigmatic subglacial bedforms previously interpreted as drumlins (Wysota 1992) , but recently explained as erosional remnants of channelized subglacial meltwater flow (e.g. Lesemann et al. 2010 Lesemann et al. , 2014 Karasiewicz et al. 2014) . We have proposed these interesting landforms, which are easily traceable in the landscape, as a potential geosite no. 11 (Table 2) .
Kames and kame terraces represent a large group of glaciolimnic landforms in the study area, related to an areal style of deglaciation, which is a collapse of the ice sheet into isolated dead-ice blocks. The highest concentration of these landforms occurs in the central part of the research area and to the north and north-west of Górzno. We have proposed an example of kames and kame terraces as a potential geosite no. 12 ( Table 2 ). The degradation of the dead-ice blocks after deglaciation caused the formation of kettle holes. The occurrence of several thousand kettle holes has been reported in the analysed region, especially on the surface of the outwash plains. We have selected a representative kettle hole area as a potential geosite no. 13. In the Górzno area, the glacial landscape is dominated by a flat and hummocky moraine plateau. The hummocky moraine plateau, which is an interesting example of a wavy landscape, has been selected as a potential geosite no. 14 (Table 2) .
Besides the dominating glacial features, some interesting fluvial landforms also occur in the Górzno area. The formation of the river network occurred after the final recession of the Weichselian ice sheet, the melting of the buried dead-ice blocks and the degradation of the permafrost. Some interesting evidence of the river network's evolution is the occurrence of river valleys, spring niches and river deltas. We have chosen representative spring niche, river valleys (Fig. 3b ) and two river deltas as potential geosite nos. 15, 16 and 17, respectively (Table 2 and 
The Lower Vistula Valley
The geosites selected in the Lower Vistula Valley (Fig. 4) can be grouped into five geomorphological categories: (1) landforms and sediments, (2) caves, (3) spring fens, (4) lakes and (5) landslides (Table 3) .
The landforms and sediments selected as attractive and highly educational represent glacial, fluvial and aeolian features. In the southern part of the analysed segment of the Lower Vistula Valley, the Vistula River turns sharply from NNW to NE (Fig. 4) . In this place, the river breakthrough called the 'breakthrough near Fordon' was formed at the end Fig. 2 Geological map of the Górzno area with the location of the geosites (black circles) and potential geosites (red circles). R, river of the Weichselian Glaciation (Weckwerth 2006 (Weckwerth , 2010 . The best viewpoint for this breakthrough is located on the Vistula escarpment near Jarużyn. The river valley there is only 2.5 km wide and has been selected as a geosite no. 1 (Table 3) . Erosional incisions of various shapes and dimensions are located on the slopes of the Lower Vistula Valley. They were formed by meltwaters and rainwaters flowing from the moraine plateau towards the valley bottom. We may observe gorges of considerable sizes. Some examples are a 900-mlong ravine located in Gądecz or the 4-km-long and up to 50-m-deep Cieleszyński Ravine (Urban 2000 (Urban , 2007 (Urban , 2015 . These very conspicuous landforms were selected as a geosite no. 2. At the outlets of the gorges and ravines, alluvial fans often occur. An example may be the extensive alluvial fans near Gruczno, which have been selected as a geosite no. 3 (Table 3 ). The Fletnowo tunnel valley is 10 km long, 150 m wide and ca. 20 m deep (Roszko 1968) . It occurs at the bottom of the Lower Vistula Valley and it was formed as a result of the subglacial meltwater erosion of the ice sheet bed during the last glaciation. In 1995, a nature reserve was created here to protect a unique geomorphological feature: a glacial tunnel channel with a lake cross cutting longitudinally through the Grudziądz Basin. This glacial landform has been selected as a geosite no. 4. An interesting element of the glacial and fluvial landscape in the analysed area is the remnants of morainic erosion-hillocks near Grudziądz. They have been selected as geosite no. 5 (Fig. 4) . Moreover, aeolian forms also occur in this area. Numerous dunes are located at the bottom of the Lower Vistula Valley and on the surface of the moraine plateau. They were selected as geosite nos. 6 and 7, respectively ( Table 3 ). The Lower Vistula Valley region is the perfect place to search for natural exposures of Quaternary deposits. In Gruczno, an interesting exposure of the Weichselian glacial till occurs (Fig. 4) . In addition, an exposure of thick Weichselian deposits may be observed in Morsk. This is one of the few exposures in Poland with such diversified (genetically and lithologically) Weichselian deposits (Olszewski 1976 ). These exposures have been selected as potential geosites nos. 8 and 9 (Table 4 ). The Vistula River is incised deeply into the moraine plateau, so a very high escarpment of the valley may be observed in Zakurzewo, where geosite no. 10 is proposed. In the analysed segment of the Lower Vistula Valley, there are several tributaries of the Vistula River. Some of them have their own interesting valleys (e.g. the Wda or Osa rivers) which also have been be selected as potential geosites (no. 11).
Because of the deep incision of the Vistula River within the surrounding moraine plateau, numerous spring fens and spring niches are located on the steep slopes of the moraine plateau. These examples of geomorphological and hydrographical features have been selected as geosites nos. 12 and 13 (Table 3 ). The existence of the spring fens is related to the movement of groundwaters along the moraine plateau towards the Lower Vistula Valley. As a result of the movement of groundwater through the Weichselian glacial till and the leaching of calcium carbonate, sand and gravel lying below the till layers were transformed into Pleistocene conglomerates due to cementation with CaCO 3 . In the upper part of the Cieleszyński Ravine, three natural exposures of Pleistocene conglomerates and sandstones are located (Urban 2015) . The biggest exposure is 15 m long and 3 m high. These exposures have been selected as a potential geosite no. 14. Weathering and erosion of the conglomerates resulted in the occurrence of small caves. In the cave 'Bajka II' (Fig. 3c) , located in the upper part of the ravine near Gądecz, calcite dripstones, such as a stalactite and a calcite dome, have been observed (Baryła et al. 1998; Urban 2000 Urban , 2015 . The caves have been selected as a geosite no. 15 (Table 3) .
Two kettle hole lakes of glacial origin have been preserved in the Grudziądz Basin, i.e. Rudnik and Tarpno Lakes. They have been selected as a potential geosite no. 16. At present, in the area of the Lower Vistula Valley, the Vistula river channel is regulated, but until the regulatory works in the nineteenth century, Vistula was a braided or meandering river. Remnants of the meandering process are oxbow lakes (Fig. 3d) , which have been selected as a potential geosite no. 17. Finally, the high slopes of the Vistula valley and the occurrence of clay sediments within the slopes facilitate mass movements (Tyszkowski 2015) . Thus, in many places, active or fossil landslides can be observed. We have chosen the most Relicts of ice-cored moraines spectacular landslides as new potential geosites-no. 18 (Fig. 4) , which is sizable and therefore perfectly visible in this terrain.
The Kashubian Lake District
The geosites selected in the Kashubian Lake District may be grouped into five categories: (1) landforms, (2) erratics, (3) caves, (4) peatbogs and (5) spring fens. We have chosen fourteen geosites and potential geosites; within this number, eight geosites are examples of glacial or fluvial landforms; two geosites are large erratics, other ones are peatbogs, and six are caves and spring fens.
The selected landforms are of glacial and fluvial origin. The Kashubian Lake District features the highest point of the Polish Lowlands (Wieżyca Hill, 328.7 m a.s.l.). This landform is easily recognisable in the landscape. The hill is located high above the surrounding area, and there is a fantastic viewpoint from which to see the fresh glacial landscape dominated by tunnel channel lakes and moraines. Its origin has been interpreted as end moraine correlated with the ice sheet recession during the Pomorska Phase of the Weichselian Glaciation (e.g. Roszko 1968 ), but recently, some researchers have interpreted the hill as a crevasse landform (Petelski and Moczulska 2006) . The Wieżyca Hill has been selected as a geosite no. 1 (Table 4 ). Another hill, which has been selected as a geosite no. 2, is Donas Hill near Gdynia (Fig. 5) . It is an end moraine correlated with the ice margin standstill during its recession in the Pomorska Phase of the last glaciation. Another great example of a glacigenic landform is an esker near the village of Głazica. This esker has been selected as a geosite no. 3 (Table 4 ). It is possible to observe the landform and its inner structure due to a gravel pit located within the esker. This landform is composed of sandy and gravelly (Fig. 5 ). Both valleys are narrow and form deep incisions between morainic landforms of a typical young glacial landscape. They are very picturesque and have been selected as geosites nos. 4 and 5. In addition, one river breakthrough has been selected as a geosite no. 6-Radunia Ravine (Table 4 ). This ravine is also very picturesque, and it resembles more a mountainous landscape, rather than a lowland one. However, the most typical landforms for the Kashubian Lake District are glacial channels. We have selected two tunnel channels as geosite nos. 7 and 8 ( Table 4 ). The tunnel channel of Raduńskie lakes is one of the largest glacial channels in this region. Two lakes are located within this channel: Raduńskie Dolne Lake and Raduńskie Górne Lake. The tunnel channel 'Lechicka Fissure' is a very narrow and deep glacial channel that is clearly visible in the landscape. Both tunnel channels of Raduńskie Dolne and Raduńskie Górne lakes and the Lechicka Fissure are representative examples of the most characteristic landforms of the Kashubian Lake District. Moreover, the access to these potential geosites is relatively easy.
Further examples of the glacial features characteristic for the analysed region are large erratic boulders. These pieces of Scandinavian rocks left are located in many places of the Kashubian Lake District. High concentrations of large erratic boulders are typical of areas within the extent of the ice sheet during the Pomorska Phase of the Weichselian Glaciation in northern Poland (Tylmann et al. 2018) . Two large erratics have been selected as geosite nos. 9 and 10 ( Table 4 ). The 'Broken Stone' (Fig. 3e) is a granite gneiss with a perimeter of 17.6 m and a height of 3.1 m. It is located on a small lake within a glacial depression. The second boulder 'King's Stone' (Fig. 3f) is a gneiss with a perimeter of 6.1 m and a height of 1.5 m. Its size is not so spectacular, but it is located at the top of a morainic hill with beautiful views over the glacial landscape of the central part of the Kashubian Lake District (Fig. 5) .
In the eastern part of the glacial channel of the Lechicka Fissure, on steep slopes, outcrops of Pleistocene conglomerates and sandstones occur. Gravel and sand are cemented there with CaCO 3 , so karst processes and forms may be observed there. One of the most characteristic landforms and sediments of depressions of glacial origin such as kettle holes or glacial channels are peatbogs. Two peatbogs have been selected as geosite nos. 12 and 13 (Table 4 ). The Staniszewski and Strążki peatbogs are typical examples of so-called 'Baltic peatbogs' with a few metres of peat accumulated on the glacigenic deposits. The history of peat accumulation and associated climate changes during late Pleistocene and Holocene is well known there from palynological studies conducted on both peatbogs (Herbichowa 1998) . The Staniszewo spring fen (geosite no. 14) is an area with a few springs located on the slopes of the glacial channel. The springs are located at the base of the slope and are characterised by exceptionally high outflow.
Conclusions
This study provides the 110 new potential geosites. Additionally, 23 geosites, a part of the Polish Geological Institute-National Research Institute database, are considered. The database of the Polish Geological Institute-National Research Institute (www.geostanowiska.pig.gov.pl) representing around 20 geomorphological categories that were defined taking into consideration the present geological and geomorphological knowledge about the studied areas. Some of the geosites are well documented and possess preliminary scientific, tourist as well as educational valorisation, which has been prepared by a number of authors participating in the project conducted by the PGI-NRI. The project was carried out on request of the Ministry of the Environment and financed by the National Fund for Environment Protection and Water Management.
The geoheritage of the Lower Vistula River Valley has been presented on the basis of thirty two new potential geosites and eight existing geosites; a detailed description of which can be found in the geosite database of the PGI-NRI. According to this database, 125 of the existing geosites situated within the boundaries of the Kashubian Lake District have been described, the majority of which are erratic In the area of Górzno, the greatest number of new potential geosites has been indicated by means of both GIS analyses based on the available cartographic materials and field inspection. According to the available database, within the investigated area, there are eight documented geosites. The following study proposes 77 new potential geosites, which, according to the authors, can supplement the existing database.
The geoheritage and potential geosites of the glacial landscapes of northern Poland presented in our study are complementary pieces of information in relation to the other studies describing and evaluating the interesting features of glacial landscapes in Poland. For each of the three evaluated regions, attractive geosites have been proposed. This is a database for the construction of geotourist footpaths in the Lower Vistula Valley and in the Kashubian Lake District, and a geopark in the Górzno area in the future. The preparation of the project of the potential Geopark in Górzno area is already underway. The main advantages of the Górzno area being a geopark are the following ones: presence of a wide spectrum of the glacial landforms, the transition from an 'old glacial' landscape (Saalian) to a 'young glacial' landscape (Weichselian), the occurrence of the maximum limit of the last SIS being one of the Fig. 5 Geological map of the Kashubian Lake District with the location of the geosites most important geomorphological boundaries in northern Poland and easy access to most of the potential geosites.
The Lower Vistula Valley also seems to show the potential for designing interesting and original geotourist footpaths, mainly because of the occurrence of glacial landforms and sedimentary deposits accessible in the valley escarpment, numerous sites of Pleistocene sandstones and conglomerates, with caves and other karst phenomena, as well as suffosion/ landslides and spring fen niches, the occurrence of interesting fluvial and aeolian landforms.
The area of the Kashubian Lake district is located within the area of ice sheet extent of the Pomorska Phase of the last glaciation, and therefore is characterised by a very fresh glacial landscape. The glacial relief of this area consists of numerous and diversified landforms characterised by high denivelations and concentrations of erratic boulders. Postglacial landform sediments are also very common here (e.g. peatbogs).
The studied areas of young glacial lowland in northern Poland presented above display a high level of geotourist attractiveness. The areas described along with indicated existing and potential geosites show geological and geomorphological heritage from the glacial period in the Earth's history. Welldocumented geosites will enable better understanding of processes and formations that occurred during continental glaciations. It was the authors' intention to emphasize the attractiveness of northern Poland for geotourist purposes.
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